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[57] ABSTRACT 

A programmable logic and analogic integrated device 
comprises a programmable logic section capable of 
constituting by programming a state machine which 
beside producing ou^ut logic signals in function of 
input logic signals may drive a digital-analog converter 
(DAC), the analog signal generated by which is man- 
aged as well as other analog signals which may be re- 
spectively fed to a number of analog mput pins of the 
integrated device by the said programmable state ma- 
chine by means of a pliurality of integrated analog 
switches which also permit the output of the analog 
signal generated by the DAC through a buffered analog 
ou^ut pin of the device. An integrated comparator 
(zero-crossing detector) provides a comparison be- 
tween two distinct external analog signals or between 
an external analog signal and the analog signal gener- 
ated by the DAC for producing an output logic signal 
which may be fed to an input of the state machine for 
implementing a certain interaction f\mction. 

The device is useful for a wide range of applications in 
lieu of a microprocessor based system. 

2 Claims, 2 Drawing Sheets 
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may have an architecture similar to the one of a com- 

FIELD PROGRAMMABLE LOGIC AND mon PLD, compiising a programmable AND-level 

ANALOGIC INTEGRATED CIRCUIT formed by an array of indivtduaUy addressable and 

programmable memory cells, an OR-Ievel (wired or 

BACKGROUND OF THE INVENnON 5 programmable) cascaded from said programmable 

1. Field of the Invention AND-level and a plurality of registers and/or latches 
The present invention relates in general to a field necessary for implementing said state machine. The 

programmable logic and analogic integrated device and output of the digital/analog converter (DAC) may be 

in particular to an integrated logic circuit programma- made externally available through an analog output pin 

ble for substantially constituting a state machine capable of the integrated device by means of an integrated 

of driving a digital-analog converter (DAC) and analog switch driven by the state machine and an enableable 

circuits which interacts with said state machine. ou^p^t buffer. The device comprises further a compara- 

2. Description of the prior art . tor circuit (e.g. a zero-crossing detector) having two 
Programmable (and era^bl^ ,< respective inputs which may be comiected by means of 

based up^ the use of EPROM or EEPROM cell ar- 15 ^ y ^ 
rays, are known and widely used for miplementmg on a .^. ^ ^ e^t. t^a^ / a ^ i * 
single chip a large number of logic fonctions which «thcrto theoutpu ofthcDAC orto afintanaloginput 
would otherwise be normaUy hnplemented by "dis- respectively to a second analog mput pm of the 
persed logic circuitry** needing a large number of nor- signal produced by the compara- 
mal, nonprogrammable, logic devices. PLDs represent 20 tor is fed to an input of the state machine. The state 
powerful tools for implementing so-called "state ma- machine may have a certain number of dedicated out- 
chines". These in turn represent reliable general-pur- P^ts and inputs, i.e. a certain number of buffered input 
pose building blocks for constructing sequential digital paths from respective pins of the device, substantially 
systems, reducing the overall amount of logic circuitry wired to respective inputs of the programmable AND- 
needed. In particular state machines offer valid solu- 25 level (AND-array) as well as a certain number of buff- 
tions for a wide range of control functions, for example, ered output paths from the OR-level to respective pins 
in complex interface systems. of the device and/or a certain number of bidirectional 
There is however an area of applications for digital input/output (I/O) pins driven by means of respective 
techniques wherein the "microprocessor'' still appears a input/output (I/O) circuits which are commonly 
necessary choice This is the case, for exaniple, of con- 30 ^^^^ ^ ^ selection block followed by a block 
^ol and/or regulation systems for analog functions or ^f registers and by an output selection block, as it is weU 
devices wherein analog signals must be converted by j^^^ ^ technician. 

means of an analog/digital converter (ADC) mto digital ^ • j i • ^ i • ui ^ • 
signals which may be read and processed by a mi?ro- J^'' mixed logic and analogic programmable device 
processor in order to produce digital sigiJals which 35 ^^/^^ programmabdity poten- 
may, where necessary, be converted back into analog ^ * ^^D for unplementmg a certam state machme 
signals by means of a digital/analog converter (DAC). possibOity to mteract durectly through one or 
For a large number of applications, this architecture of nw^re analog output pins and one or more analog input 
control and/or adjustment circuits, though powerful pins of the device with the real word by means of the 
and effective, is intrinsically wasteful because of its 40 DAC driven by the same programmable state machine 
"rigidity'*, determined by the fact that the flow of sig- and the comparator also controlled by the latter. As it 
nals through a microprocessor system is at any instant may be easily realized by a skilled technician, the mixed 
essentially monodirectional. The microprocessor be- digital-analog integrated device of the invention has 
cause of the versatility which characterized it, may outstanding flexibility properties, unknown to the de- 
carry out a limited number of standard operations. 45 vices of the prior art and which derive from the pro- 
Moreover this "rigidity** of a microprocessor control grammability and from the presence of said analog cir- 
system implies a processing time which is often nonneg- cuits and switches within the integrated circuit which 
ligeable for the objectives of the overaU control system. confer to the device such an outstanding versatiUty 
Furthermore in many cases the use of such a pow^ful ^^f^ fo^ ^ large number of applications such 
tool such a microprocessor appears entu^y unjustified 50 ^ ex^^lc: for implementing converters having a 
for the type of control operation to be performed and it conversion law or relatively simple digital 
IS mdicauvc to this respect the mcreasing demand for ^^^^^ ^ ^ employing an analog feedback (e.g. a 
microprocessors wiA an extremely hmited number of ^ ^^^^ control system using the switching ON and 
bits, which are sought for such relatively simple control -.m r u *• — i ♦ • r *: r ■ i 

— 1*: * OFF of a heatmg resistor m function of a signal pro- 

or regulation systems. 55.. * * xtj - i 

^ vided by a temperature sensor), for dnvmg bipolar 

OBJECnVE AND SUMMARY OF THE circuits through a peculiar volUge-period conversion 

INVENTION law and for implementing "intelligent** interfaces with 

Objective of the present invention is to provide a field microprocessors and the like, 
programmable, logic and analogic, integrated device, 60 BRIEF DESCRIPTION OF THE DRAWINGS 
for general-purpose utilization, which upon program- 
ming is capable of autonomously perform a desired ^ shows the functional diagram of the field 
control or "intelligent" interface and/or regulation programmable logic and analogic integrated device of 
function by being capable of receiving and delivering the invention according to a preferred embodiment 
both analog type and digital type signals. 65 thereof. 

In a most essential embodiment the device of the FIG. 2 is a more detailed functional diagram of the 

present invention comprises a digital/analog converter architecture of the programmable logic section of the 

(DAC) driven by a programmable state machine which integrated device of FIG. I. 



02/11/2004, EAST Version: 1.4.1 



4,952,934 

3 4 

DESCRIFnON OF THE PREFERRED proved m order t implement a state ma- 

PTupnnrx/fTiMT chine capable of pcrfonmng the following opcrattons: 

tiVlUUUlMiSlN I jQ^^g ^ ^^^^ ^^^^^^ ^ J. jj^^ ^ ^.^^ 

With reference to FIG. 1, the device of the invention data defining a certain interval of temperatures grossly 
comprises essentially a logic section and an analogic 5 lower than the desired temperature; 
section. The logic section comprises a programmable (b) closing the switch S2 while maintaining open the 
logic circuit 3, apt to function as a state machine capable switch S3 in order to load the capacitance of the respec- 
of performing certain logic processing in function of tive input of the comparator 2 to the desired level for a 
logic signals applied to a plurality of logic inputs thereof time sufficient for a sampling procedure; 
and of delivering output logic signals through a number 1^ (c) closing the switch S4 for a sufficient sampling 
of logic outputs thereof and of driving a digital/analog tkaCt in order to load the capacitance of the other input 
converter circuit 4 (DAQ in order to generate a result- of comparator 2 to a level corresponding to the 
ing analog output signal. The analog section of the w^og signal coming from a temperature sensor and fed 
device of the invention comprises at least a comparator the pin IN2 of the integrated device; 
(e.g. a zero-crossing detector) 2, and preferably as in the W closing through a relative output pin the high 
case shown, also at least an analog output buffer 1, as voltage supply switch of the heating resistor and repeat- 
well as a plurality of integrated analog switches SI, S2, the sequence from step (a) if the temperature is 
S3 and S4. These analog switches are also driven by the comprised in said interval of temperatures or viceversa, 
programmable state machine and permit to select the ^ temperature is outside said interval of tempera- 
path of the analog signals: the SI switch enabling the ^ performing the following alternative sequence of 
output of the analog signal delivered by the DAC ^^^P^' 

through the output analog buffer 1 (which may be also charging a digital data corresponding to the desired 

preferably enableable by the same state machine) and an temperature in an input register of the DAC; 

analog output pin OUT; the switches S2 and S3 pennit- the switch S2 while keeping open the switch 

ting to feed the same analog signal produced by the ^ ^l^"? capacitance of the respective 

DAC and/or an external analog signal appUed to an «»P"t of the comparator 2 to the desired level for a 

analog input pin INI, to a first input of the comparator , sufTicicnt ^phng tmie; 

circuit 2; the switch S4 permitting to feed a second ) ""^""T^ *f ^ ^ sufficient samphng time 

external analog signal applied to a second analog input the capacitance of the other input of 

pin IN2 to the second input of the comparator circuit Z ^ the comparator 2 to a level correspondmg to the 

The output signal of the comparator circuit 2 is di- analog si^al coming from the temperature sensor 

rectlyfedtoone^einputsoftheprogrammablestate f^^^""^ ^ ™^ °^ "''"^^'^^ 

More the integrated mixed device of the inven- 35 ^'If Slv'^S I.l'* 

Jon ^sses^ a plurality of logic input, a plurality of f^/jf ^ 1^^.'^:?^^^^^^ 

S"„?nl^ or Viceversa. if the tempera' 

Si^r^,rl^.^1^ preferably (as m the example shown m is equal to or higher than the desired value, "one 

t J^fZ^ T\ r i-^J". if T^^J P"?' ^ °f supply switches wUl be closed and the state 

t wiU be evident to a skiHed techmcian, aUo the pm or ^ ^.^hine ^ repeat again the sequence starting from 

the pins for the output of analog signals from the mte- gtep (a) 

grated device may be easily configured as bidirectional of couKe at every clock's pulse the state machine 

mput/output (I/O) analog pms (in the same way as ^iU step forward from a state to the successive state, 

bidirectional logic mput/output pms) by providmg the thus performing the desired control function, 

respecuve output analog buffer of these pms with ena- 45 Naturally, not only in the case of a relatively simple 

blmg/disabling means and with an mtegrated "by pass" application such as the one described above, the nor- 

imalog switch, all dnven by the same state machine of nmUy vast processing capabilities of the programmable 

the mtegrated device. In this way a smgle physical pin sUtc machine may be exploited for performing a num- 

of the mtegrated device may function either as an ana- ber of other duties by implementing other logic func- 

log output or as an amdog mput pin. By means of the 50 tions depending or not from the relative status of the 

comparator circuit 2 the analog section of the inte- output of the comparator 2, by utilizing the available 

grated circuit durectly acts upon the programmable logic inputs and outputs. 

state machine. The control performed in the simple example de- 
In order to clarify better the mteraction among the scribed above, is a discrete type of control, however it 
vanous blocks, a simple apphcation of the invention in 35 is also possible to use the analog output pin (OUT) of 
reference to a system for keeping constant the tempera- the DAC for generating an analog control driving sig- 
ture of a certain enclosure by switching on and off a nal. In this case it will be obvioulsy necessary an analog 
heating resistor, will serve as an example. The heating type power interface between the device and the con- 
resistor could be advantageously powerable with two trolled heating resistance, 

distinct supply voltages by means of two electricaUy 60 As schematicaUy shown in HG. 2, the logic section 

controlled switches according to whether the tempera- of the programmable integrated device of the invention, 

turc b lower or higher than a certain lower internal and in particular the section which more properly is 

value; utilizing the high voltage supply for quickly usable for implementing a true programmable state 

approaching a value close to the set desired temperature machine, may have preferably a typical structure of a 

and the low voltage supply for reaching and maintain- 63 programmable logic device (PLD). An array 5 of pro- 

ing the set temperature. grammable cells (EPROM or FLASH or EEPROM) 

For such a relatively common application the pro- constitutes a programmable "AND-level" the logic 

grammable integrated circuit of the invention may be function of which is indicated by the graphic symbol, 
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recognizable as a logic AND gate, depicted on each of 
the outputs of the AND-Ievel shown in the figure. In 
the shown example, four outputs or product terms of 
the programmable AND-levd respectively drive the 
four integrated analog switches SI, S2, S3 and S4 of the 3 
analog section of the integrated device of the invention 
(which is evidenced in FIQ. 2 by showing the wired 
connections with a thick line). As typical of a large 
number of common PLD devices, cascaded from the 
programmable AND-level there is a fixed or wired 
"OR-levei" 6, the logic function of which is schemati- 
cally shown, in relation to two typical output signals of 
the AND-level, Le. for a common clock signal and for 
a digital signal or bit being fed to a respective input 
register of the digital/analog converter DAC, by the 
logic symbol corresponding to the function of a logic 
OR-gate. The DAC converter is in fact driven by the 
progranmable state machine through a series of input 
reg^rs (flip*flop), one of which (Ri) is depicted within 
the block 7. A preset conversion reference voltage Vref 
is selectively fed to the DAC. converter. 

The management of the input and output logic data to 
and from the state machine (Le. the programmable PLD 
section of the device) may take place through a plural- 
ity of input and output pins, suitably buffered, and/or 
by means of a plurality of bidirectional input/output 25 
(I/O) pins, each being provided with an cnableable 
output bufTer 8 in order to force an output logic signal. 
In particular, bidirectional I/O pins are managed by 
means of an equal number of input/output circuit, gen- 
erally depicted in FIG. 2 by the block 9. The output 30 
logic signals of the AND-lcvcl which are directed to as 
many bidirectional I/O pins are necessarily fed to the 
respective input/output circuits by means of flip-flop 
re^sters or latches, which are generally indicated by 
the block 10 in FIQ. 2. Each input/output circuit is 35 
commonly formed by an input selection block, followed 
by a block of registers and finally by an output selection 
block, the functions of which may be selected (i.e. pro- 
grammable as the cell array forming the AND-level). 
These I/O circuits or blocks are amply described in 40 
literature and are well known to the skilled technician 
and therefore a reiterated description thereof is not 
necessary. Notably these programmable I/O blocks 
enormously increase the possibility of exploiting the 
programmable resources of the PLD section. The I/O 
blocks represent additional "sutic" programmable re- 
sources which permit to easily implement "feedback" 
paths of signals coming from and directed to the pro- 
grammable cell array. 

Furthermore the system is provided with a clock 
signal generator 11 and preferably also with a program- 
mable divider circut IX 

The required select signals for the various I/O 
blocks, as well as for the programmable divider 12 and 
for the input registers of the DAC converter are pro- 
duced by means of a programmable static selection 
circuit 13. This circuit is formed in practice by a plural- 
ity of identical circuits each capable of taking one or the 
other of two different static operating conditions in 
function of the status of an EPROM or FLASH or 
EEPROM cell present in the circuit 60 

The prior Italian patent application No. 22219 A/8- 
8filed on Oct 6, 1988, (corresponding to U.S. patent 
application Ser. No. 411,661 filed on Sept 25, 1989) by 
the present applicant, describes a particularly advanta- 
geous type of such static selection circuits employing a 65 
pair of series connected programmable cells wherein 
one of the cell is conducting and the other nonconduct- 
ing. The description of such a static selection circuit is 



6 

here incorporated by express reference to said prior 
patent appUcation. 

As it will be evident to the skilled technician, the 
programmable, mixed logic and analogic device of the 
present invention may also be ''duplicated", in the sense 
of being provided with two or more DAC and/or two 
or more comparators (zero-crossing detectors), 
whereby each one of them may receive analog signals 
coming from distinct analog input pins which may be 
suitably switched by the integrated programmable logic 
section of the device. The programmable logic section 
of the integrated device may also have a substantially 
different architecture from the normal architecture of a 
PLD, such as the one described above with reference to 
the example depicted in FIG. 2. For example, the pro- 
grammable logic section of the integrated device may 
contain a second array of programmable cells forming 
an OR-level, which is also programmable, or this sec- 
ond array may be used as a multilevel logic (outputs of 
product terms fedback to the inputs). 

What I claim is: 

1. A programmable, logic and analogic, integrated 
device which comprises: 

a programmable logic circuit having a plurality of 
logic inputs which may accessed through dedi- 
cated logic input pins and/or bidirectional logic 
input/output pins of the device and having at least 
an input capable of receiving an internally gener- 
ated logic signal, the programmable logic circuit 
being configurable by programming as a state ma- 
chine capable of performing a certain logic pro- 
cessing in order to generate output logic signals in 
function of logic signals fed to said logic inputs; 

at least a digital-analog converter driven by output 
logic signals generated by said programmable state 
machine and stored by a plurality of input registers 
of said converter and capable of producing an ana- 
log signal at an output thereof in function of said 
driving logic signals; 

at least a comparator having a first input, a second 
input and an output, said first input being connect-, 
able to the output of said digital-analog converter 
or at least to a first analog input pin of the inte- 
grated device by means of a first and at least a 
second integrated analog switches driven by said 
state machine, said second input being connectable 
to at least a second analog input pin of the inte- 
grated device by means of at least a third mtegratcd 
analog switch driven by said state machine; 

the output of said comparator being connected to said 
input of said state machine capable of receiving 
said logic signal internally generated by said com- 
parator; 

said comparator being capable of generating an out- 
put logic signal m function of the result of the 
comparison between two analog signals respec- 
tively fed to said two inputs by means of said inte- 
grated switches driven by said state machine, said 
output bgic signal generated by the comparator 
constituting an input logic signal of said state ma- 
chine. 

2. The device according to claim I, which comprises 
further at least a fourth integrated analog switch driven 
by said state machine c£^)able of connecting the output 
of said digital-analog converter to the input of an analog 
output buffer having enabling/disabling means con- 
trolled by said state machine, for delivering said analog 
signal generated by said converter to an analog output 
pin of the integrated device. 
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